It is known that pulmonary epithelial permeability is increased in pulmonary interstitial fibrosis, sarcoidosis, smoking and so on (Jones et al. 1980 ; Rinderknecht et al. 1980; Hogg 1981; Mason et al. 1983 ), but little is known about mucociliary clearance mechanisms in interstitial lung disease whose main sites of disorders are in the acinar regions as distinct from those affecting the airways (Reynolds 1984) . In obstructive airways disease mucociliary clearance mechanisms are known to be extensively deranged (Isawa et al. 1981 (Isawa et al. , 1984a .
The purpose of the present study was to elucidate mucociliary clearance mechanisms in interstitial lung disease, namely in pulmonary interstitial fibrosis and sarcoidosis by using radioaerosol inhalation lung cine-scintigraphy.
MATERIALS AND METHODS
Fourteen patients (11 men and 3 women, the mean age 61, range 30 to 73) with pulmonary interstitial fibrosis and 8 patients (6 men and 2 women, the mean age 40, range 24 to 61) with sarcoidosis were studied by lung function tests and radioaerosol inhalation lung cine-scintigraphy (Isawa et al. 1981 (Isawa et al. , 1984a . The diagnosis of the former was based on clinical and chest x-ray findings and lung function data ; namely, generalized increased , interstitial densities consisting of fine to coarse reticulonodular shadows with or without coarse curvilinear densities or honey-combing on chest radiograms (Frazer 1982; Kerr 1984) Received July 2, 1985; accepted for publication November 28, 1985 . 169
and lung function data indicating either vital capacity or single breath carbon monoxide diffusing capacity (DLCO) or both of less than 80°0 of the predicted values (Baldwin et al. 1948 ; Cherniack and Raber 1972) . In 5 of the 14 patients with clinical diagnosis of pulmonary interstitial fibrosis, the diagnosis was verified by histology (1, thoracotomy ; 4, transbronchial lung biopsy (TBLB) ), but in the remaining 9, no trial was made to obtain lung specimens for pathological examinations. All 8 patients with sarcoidosis showed bilateral hilar lymphadenopathy and minimally to moderately increased interstitial reticulonodular densities. The diagnosis of sarcoidosis was proven by pathological examination of biopsy materials (l,thoracotomy ; 2, scalene node biopsy ; 2, TBLB ; 4, conjunctival biopsy). None of them had any sign of acute infections at the time of study. Possible etiology was estimable in 5 patients with pulmonary interstitial fibrosis : 3, gold therapy for rheumatoid arthritis ; 1, silicosis ; 1, inhalation of "konnyaku" (mannose) powder. In the remaining 9 etiology was unestimable. Lung function tests and radioaerosol inhalation lung imaging were done on the same day or within 3 days apart. In 4 of the 14 patients with pulmonary interstitial fibrosis (F-2, F-5, F-13, and F-14), repeated studies were made from 4 weeks to 2 years apart. In one of the 4 (F-13), three studies were made in 6 months' period. In 3 of the 8 patients with sarcoidosis repeated studies were made from one to 6 weeks apart. All patients except a patient with sarcoidosis (S-8) were on steroid and isoniazid when they were studied.
Radioaerosol inhalation lung cine-scintigraphy was done as reported previously (Isawa et al. 1981 (Isawa et al. , 1984a . Briefly, after inhaling ultrasonically generated 99 mTc albumin aerosol, the patient lay supine under a gamma-camera and radioactivity was measured from anteriorly continuously for 120 min in all of the patients studied except in 2 patients with sarcoidosis whose measurement was done for the first 60 min instead of for 120 min. In addition to compiling cine-scintigraphy for the visual or qualitative evaluation of mucociliary clearance mechanisms, five indexes for quantitative analysis ; lung retention ratio, airway deposition ratio, airway retention ratio, airway clearance efficiency and alveolar deposition ratio, were calculated (Isawa et al. 1984a , b, Isawa et al. 1985 . To determine the alveolar deposition ratio, the remaining radioactivity in the thorax was actually measured at 24 hr in 9 patients (11 instances) of the 14 patients with pulmonary interstitial fibrosis and 6 patients (7 instances) with sarcoidosis. In the remainder the alveolar deposition ratio was calculated from the formula, ALDR= -48.08-}-0.47 X FEV 1.0%+0.59 x LRR 60, described elsewhere . Here ALDR was alveolar deposition ratio, FEV1.0%, forced expiratory volume in one sec divided by forced expiratory volume in per cent and LRR 60, lung retention ratio at 60 min.
Student t-test was used for statistical analysis.
RESULTS

Lung function data
As seen in Table 1 , either vital capacity or total lung capacity or both were decreased to less than 80% of the predicted values (Baldwin et al. 1948 ) in 11 of the 14 patients with pulmonary interstitial fibrosis. Carbon monoxide diffusing capacity (DLCO) was also decreased to less than 80% of the predicted values (Cherniack and Raber 1972) in 11 of the 12 patients tested. In the remaining 2, the measurement of DLCO itself was not possible due to a decreased vital capacity. FEV1.0% was less than 70% in 3 of the 14 patients, but even in the 3 the values were 62, 67 and 67%, respectively. Taking MMF, V50/V25 and RV/ TLC values into consideration, the presence of obstructive disturbance was minimum if any in the patients with pulmonary interstitial fibrosis.
In patients with sarcoidosis, the lung volumes were well maintained and diffusion limitation was seen in only one patient. In 2 patients FEV1.0% was 69 and 68%, respectively.
Cine-scintigraphic observations As described in Table 2 , aerosol deposition patterns were grossly uneven in 11 of the 14 subjects with pulmonary interstitial fibrosis and in the remaining 3 they were minimally uneven if any ; inhaled aerosol deposited rather homogeneously in the right and left lungs in the latter three. In one patient (F-8) an excessive deposition of aerosol was observed at the left hilar region.
In sarcoidosis inhaled aerosol deposition in the lungs was by and large homogeneous except in 3 patients in whom there were regional lung areas where aerosol deposition was slightly decreased as compared with the rest of the lungs. One patient showed predominantly central deposition pattern (Isawa et al. 1970 ).
Regurgitation or back-flow of mucus (Isawa et al. 1981 (Isawa et al. , 1984b ) was seen in 2 of the 14 patients with pulmonary interstitial fibrosis or in 3 instances of the 19 studies but it was not seen in patients with sarcoidosis. Stopping and starting of mucus or a temporary stasis on the trachea in the course of migration (Isawa et al. 1981 (Isawa et al. , 1984b ) was seen in 2 of the 14 patients with pulmonary interstitial fibrosis and in 3 of the 8 patients with sarcoidosis. All the patients who showed a temporary stasis were either smokers or ex-smokers. Zigzag or spiral transport patterns (Isawa et al. 1981 (Isawa et al. , 1984b were observed in 2 patients or in 3 instances of the 4 studies in these 2 patients but they were not seen in patients with sarcoidosis. No patient showed a migration of mucus from one bronchus into the opposite bypassing the trachea followed by shuttling transport between the right and left lungs (Isawa et al. 1981 (Isawa et al. , 1984b ).
Quantitative studies
Lung retention ratio, airway deposition ratio, airway retention ratio, airway clearance efficiency and alveolar deposition ratio in patients with pulmonary interstitial fibrosis and those with sarcoidosis did not differ significantly from the 95% confidence intervals of those values of normal subjects (Isawa 1985) as shown in Figs. l and 2 (p>0.10).
Repeat studies
In the 4 patients with pulmonary interstitial fibrosis who were studied more than once, vital capacity increased in one and decreased in 3, while carbon monoxide diffusing capacity (DLCO) decreased in 1 in the subsequent studies. The difference was not great, though. In 3 of them there was very little difference either in aerosol deposition patterns or mucociliary transport patterns in repeat studies and in the remaining one aerosol deposition became slightly less homogeneous and a zigzag transport pattern was seen.
Repeat studies in 3 patients with sarcoid.osis showed nearly identical results both in lung function tests and radioaerosol inhalation lung cine-scintigraphy. The lung function data of the 3 patients (S-6, S-7, and S-8) in Table 1 are the average of the two studies. Crystal and others (1981) say that a variety of interstitial diseases have some common histologic features of alveolitis, derangement of the alveolar structures and destroyed areas. The patients whose lung specimens were obtained also showed similar histological changes which could be an explanation for showing interstitial densities on chest x-rays. Interestingly enough mucociliary clearance has not been found too much deranged in the presently studied patients with interstitial lung disease despite marked radiologic changes. The findings in interstitial lung disease are in con- trast to the mucociliary clearance mechanisms in obstructive airways disease in which mucociliary clearance was invariably deranged as compared with normal subjects (Isawa et al. 1984b ). This contrasting difference in mucociliary clearance mechanisms between the interstitial lung disease and the obstructive airways disease would be understandable considering the difference in site of disease process in these two categories of the disease groups (Reynolds 1984) . Those patients who showed FEV 1.0% of less than 70% tended to indicate some abnormalities in mucociliary clearance mechanisms, but not to a significant level. As Fig .1 . Lung retention ratio, airway deposition ratio, airway retention ratio, airway clearance efficiency and alveolar deposition ratio that is equivaleut to lung retention ratio at 24 hr (mean+s.E.) in pulmonary interstitial fibrosis (n=14, 19 times). The stippled bands indicate 95% confidence interval (CI) of each index in normal subjects (n=24) (Isawa 1985) . There is no significant difference in each index between the 95% CI in normal subjects and the values of patients with pulmonary interstitial fibrosis (p >0.10).
could be judged from lung function data, the severity of airway obstruction was nothing to speak of in the patients presently studied.
Reflecting the diffuse interstitial densities on chest radiograms, uneven aerosol deposition patterns were observed in 11 of the 14 patients, but the incidence of any of the 4 abnormal transport patterns on the airways (Isawa et al. 1984b ) was far less than that in obstructive airways disease. Might this indicate that the involvement of the ciliated airways especially of the mucosal surface is less if any in interstitial pulmonary disease? As shown in Figs. 1 and 2 , quantita- Fig . 2 . Lung retention ratio, airway deposition ratio, airway retention ratio, airway clearance efficiency and alveolar deposition ratio that is equivalent to lung retention ratio at 24 hr. (mean+s.E.) in sarcoidosis (n=8, 11 times). The stippled bands indicate 95% confidence interval (CI) of each index in normal subjects (n=24) (Isawa 1985) . There is no significant difference in each index between the 95% CI in normal subjects and values of patients with sarcoidosis (p >0.10).
tive assessment of mucociliary clearance did not show much deviation from the 95% confidence intervals of the normal subjects (Isawa 1985) . The alveolar deposition ratio (ALDR) ranged from 8 to 46% with the mean ALDR of 33% which was slightly lower than that in normal subjects, but in sarcoidosis it ranged from 32 to 58% and was completely within normal limits. Because both lung retention ratio and alveolar deposition ratio are not much deviated from respective normal ranges, it was natural that three other indices were also close to normal. Pulmonary epithelial permeability is reported to be increased in interstitial lung disease (Rinderknecht et al. 1980 ), but mucociliary clearance mechanisms seem to be functioning fairly well. A reduction of diffusing capacity (DLCO) appears to be one of the earliest and most sensitive tests for the interstitial lung diseases (Fulmer 1982) but as far as the mucociliary clearance mechanisms are concerned, they are not much deranged in the interstitial lung disease.
